Previous studies (1, 2) have shown that the phosphorus metabolism of mouse tissues is markedly altered by leukemic infiltration, the absorption and retention of radio-phosphorus being increased in the tissues of leukemic animals. The present work goes one step further in elucidating the seat of this altered phosphorus metabolism by fractionating the tissues into the three broad groups of biologically active phosphorus compounds: the phospholipid, nucleoprotein, and acid soluble fractions.
EXPERIMENTAL
Twenty-five male and twenty-five female mice of the highly inbred and genetically uniform Strong A strain and of the same age (seven weeks) and weight (16.5 to 17 grams) were inoculated intraperitoneally with 0.1 cc. of a suspension containing fifteen million leukemic cells (3) . (This method of inoculation has the advantage of producing a localized tumor mass in the peritoneum and a very uniform generalized leukemic infiltration of the liver, spleen, and lymph nodes.) This lymphoma, which is highly vascular, non-necrotic, and has very little stroma, has been transferred about eighty times in the A strain of mice. It takes in 100 per cent of the mice inoculated, and regressions have not been observed. A similar group of twenty-five male and twenty-five female animals was retained as controls. Five groups of animals, consisting of five males and five females, respectively, with five corresponding groups of controls, were placed in twenty wire-bottomed cages.
The leukemic animals were fed Purina dog chow ad lib. The weighed daily food consumption of each group of leukemic animals determined the amount fed to its respective group of control animals on the following day. In addition, each group of five animals received six grams of whole oats per day and ten grams of fresh lettuce ,every other day. Thus the phosphorus and caloric intake of the leukemic and control animals was approximately the same.
The radio-phosphorus was administered by intraperitoneal injection of 0.5 cc. of a solution containing 7.5 mgm. sodium phosphate at pH 7.4 and emitting 5.5 microcuries1 of beta activity at the time the first group was injected. Ten leukemic and ten normal animals were given this solution seven, five, three and one-half, two, and one-quarter days before all the animals were killed, which occurred on the eighteenth day after inoculation with leukemic cells. At this time the weights of leukemic and control animals were approximately the same.
At autopsy, all leukemic animals had peritoneal tumors weighing about 800 to 1,000 mgm. and had uniformly enlarged spleens, livers and lymph nodes-both central and peripheral. These tissues ( The combined alcohol and ether extracts were evaporated at low temperature to a volume of about 2 cc. Five cc. of water were added and the mixture transferred to a separatory funnel where it was extracted five times with 70 cc. portions of petroleum ether. The combined petroleum ether extracts were evaporated down to a small volume, transferred to ashing capsules, ignited, and set aside for analysis. The aqueous phase which contained only a small amount of activity was added to the acid soluble fraction, since it contained some of the simpler non-lipid compounds removed from the tissue in the course of the alcohol extractions. From Figure 1 it may be noted that for normal liver the activity curve of phospholipid is in keeping with a known function of liver in the synthesis of phospholipid. The curve indicates a very rapid incorporation of " tagged " phosphorus atoms into phospholipid and a rapid release of this phospholipid to other tissues. The relatively low, flat curve of nucleophosphorus activity in normal liver suggests that the turnover of nucleoprotein, insofar as phosphorus is concerned, is simply a metabolic phenomenon of tissue maintenance. No notably rapid synthesis of nucleoprotein or accelerated metabolism of the phosphorus transport systems is indicated for this tissue.
Normal spleen, which has a r6le in the destruction of the formed blood elements, and a possible function in the reorganization and resynthesis of their nucleoproteins, has a high order of nucleophosphorus activity indicative of intense nucleoprotein metabolism or synthesis. The phospholipid curve is low and relatively flat; one might infer that only the minimal exchange of phospholipid necessary for maintenance occurs.
Normal lymph nodes have a low level of phospholipid activity indicative of simple maintenance. The nucleophosphorus metabolism is intermediate between that of spleen and liver.
Lymphoma tissue is characterized by a very rapid incorporation of simple phosphate into nucleophosphate. The uptake is too rapid to be due to growth alone, and it seems reasonable to attribute it to some phase of phosphorus transport in glycolysis, which is a prominent metabolic feature of similar neoplasms of this type (5, 6) .
After the infiltration of liver, spleen and lymphatic tissue by leukemic cells, a three-to fourfold increase is noted in the level of nucleoprotein activity. The activity curves of these tissues, in effect, tend to approach those of the pure lymphoma. The specific activity (activity per unit of phosphorus) in the nucleoprotein fraction of infiltrated liver, spleen and lymph nodes is severalfold higher than that of the corresponding normal tissues, although the phosphorus content of the leukemic tissues is only slightly increased over normal.
The curves of acid soluble activity for all the tissues show a sharp drop during the first few hours after the administration of the labelled phos-phorus, followed by a gradual decrease over a penod of several days. The acid soluble activity curve for each leukemic tissue is maintained at a considerably higher level than that of its respective normal tissue. Since these acid soluble fractions contain the phosphorus esters of carbohydrates undergoing glycolysis, along with the free intermediate carriers (adenylic acid, creatine phosphate, and the various nucleotides), which are part of the phosphorylating mechanisms, a reasonable explanation for the observed increase in activity would be that the quantity of these intermediates is increased as a result of leukemic infiltration or that the rate at which the compounds exchange phosphorus in their metabolic cycles is increased. Since the specific activity, or activity per unit weight of phosphorus is higher in the acid soluble fraction of leukemic tissue than in normal, the latter view has greater weight.
The phospholipid curves for infiltrated spleen and lymph nodes are little different from normal. The effect of infiltration upon liver phospholipid appears to be limited to a depression of the " synthesis peak " (7) ; the curve after two days is only slightly higher thani normal.
Preliminary experiments on the phosphorus metabolism of yeast cells (S. cere2isiae) have shown that under fermentative conditions tagged phosphorus added to the external medium is very rapidly absorbed and converted to nucleophosphate. This, along with the rapid nucleophosphate exchange observed in tumor tissue, lends credence to the possibility that, in cells showing a high rate of carbohydrate cleavage, the phosphorylation of the intermediate phosphorus carriers involves their passage through the broad group of compounds which might fall under the generic term " nucleoprotein."
Further work to clarify the speculative points suggested by the findings of the present paper is in progress. A detailed study of the organic phosphorus compounds contained in the acid soluble and nucleoprotein fractions in the presence of selective toxins will be given later.
SUMMARY AND CONCLUSIONS 1. The manner in which a single tracer dose of radioactive phosphorus is handled over a period of seven days by the tissues of fifty normal and fifty leukemic mice has been determined.
2. Leukemic infiltration is accompanied by an increase of several-fold in the uptake and retention of radioactive phosphorus by the nucleoprotein and acid soluble fractions of mouse liver, spleen and lymph nodes.
3. The phospholipid metabolism of spleen and lymph nodes is affected to only a limited extent by leukemic infiltration, while that of liver is depressed only during the first day after the administration of tagged phosphorus. 4 . The whole body retention of phosphorus administered to leukemic mice is higher than that of normal mice, but the rate of excretion over a period of seven days is approximately the same.
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